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LOW TEMPERATURE MICROELECTRONIC
DIE TO SUBSTRATE INTERCONNECTS

FIELD OF THE INVENTION

The present 1mnvention relates to microelectronic assem-
blies and, more particularly, to surface mount technology
interconnect methods to facilitate reliable high-performance
and high-density component interconnection.

BACKGROUND OF INVENTION

In the following description, reference 1s made to micro-
electronic die, carrier substrate, microelectronic device, and
microelectronic package. A microelectronic die comprises a
die substrate upon which microcircuits are formed.
Examples of die substrates include, among others, wafers
comprising silicon (Si), gallium arsenide (GaAs), Indium
Phosphate (InP) and their derivations. Various techniques
are used, such as layering, doping, masking, and etching, to
build thousands and even millions of microscopic integrated
circuit (IC) devices in the form of transistors, resistors, and
others, on the microelectronic die. The IC devices are
interconnected to define a specific electronic circuit that
performs a specific function, such as the function of a
MICrOprocessor or a computer memory.

A microelectronic device 1s defined as a microelectronic
die electrically interconnected with a carrier substrate. A
carrier substrate 1s a structure comprising conductive path-
ways through which microcircuits of the microelectronic die
communicate with external components. A microelectronic
package 1s defined as a microelectronic device that 1s
assembled 1nto a finished package with additional
components, such as electrical interconnects, a die lid, and
a heat dissipation device, among others. An example of a
microelectronic package includes, but 1s not limited to, a
flip-chip ball grid array (FC-BGA) microprocessor package.

The surface of the microelectronic die that comprises the
active circuitry includes one or more alternating dielectric
and conductive layers. The dielectric layers are also known
as passivation layers or interlayer dielectric (ILD) layers.
The ILD layers electrically insulate the active circuitry from
electrical shorts, but also, along with the conductive layers,
define electrical communication paths terminating with land
pads on the surface of the microelectronic die. The land pads
provide a conductive surface upon which electrical inter-
connections can be made with bond pads of similar design
located on the carrier substrate. A retflowable electrically
conductive mterconnect material 1s used to interconnect the
land pads with the bond pads 1n a process commonly known
as a reflow process or a controlled collapse chip connection
(C4) process.

FIG. 1 1s a cross sectional view of a representation of a
microelectronic die 8 1n the land pad region 9, comprising a
die substrate 10, multiple conductive layers 14, 18, 22, ILD
layers 12, 16, 20, and vias 25 that define conductive paths
from a circuit on the die substrate 10 to a land pad 24 at the
surface of the microelectronic die 8. The representation 1s
not drawn to scale as the conductive and dielectric layers are
exceedingly thin.

As the drive for smaller and thinner microelectronic
packaging continues, materials having a low dielectric con-
stant (K) that can be made very thin are being investigated
for use as ILD material. An ILD having a lower k can be
made thinner for the same performance as one that 1s thicker
with a higher k.

Materials having a lower k tend to be structurally weak.
Low k materials currently being evaluated include, among
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others, 1n order of hardness: S102 with a hardness of 10 GPa,
S10F with a hardness of 8.5 GPa, and carbon doped oxide
(CDO) having a hardness of 2 GPa. New ultra low-k
materials are approaching dielectric constants as low as k=2.
One approach to providing a low-k material 1s to provide a
material with a high pore volume. Unfortunately, as the pore
volume 1s raised, the mechanical properties deteriorate.
Many of the 1ssues related to these mechanical properties do
not necessarily show up during microelectronic die 8
manufacturing, but do arise as the microelectronic die 8 is

packaged, because the packaging itself 1s mechanically the
most challenging process.

The process used to interconnect the land pad 24 of a
microelectronic die 8 and the bond pad of a carrier substrate
(not shown), induces significant stress in the land pad region
9 1n and around the land pad 24. The materials used for the
interconnect material 30, the land pad 24, the ILD layers 12,
16, 20 and the conductive layers 12, 16, 22 each have a
different coefficient of thermal expansion (CTE) and
therefore, each expand and contract at different rates during
thermal loading. The packaging process involves many
thermal cycles, each of which can cause interlayer delami-
nation and cracking failure due to the mismatch of CTE.

In addition to the CTE mismatch, the land pad region 9
encounters additional forces caused by the dynamics of the
interconnect material 30 during the reflow process. Factors
inducing these forces include, but are not limited to, the
molten mterconnect material 30 supporting the weight of the
microelectronic die 8 during the reflow process (see FIG. 3),
and the adhesion of the interconnect material 30 on the land
pad 24. These forces tend to add additional stress to an
already stressed laminate structure of the land pad region 9,
including the ILD layer 12, 16, 22, due to the CTE
mismatch, potentially causing cracking and delamination
failure.

As an 1llustration of the potential for structural failure of
the land pad region 9, a microelectronic die having the low-k
material carbon doped oxide (CDO) for the ILD material
was 1mterconnected with a carrier substrate using eutectic
Sn—Ag 1nterconnect material. A commonly used reflow
temperature of 230-235 C was used to 1nterconnect copper
land pads to copper bond pads with the Sn—Ag interconnect
material. The stress induced at the interconnect and within
the ILD material as a consequence of the reflow process
caused cracking and delamination failure at the ILD and
conductive layers.

For the reasons stated above, and for other reasons stated
below which will become apparent to those skilled 1n the art
upon reading and understanding the present specification,
there 1s a significant need 1n the art for methods for inter-
connecting microelectronic die and carrier substrate that
address the limitations and undesirable characteristics asso-
ciate with the low-k ILD materials.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a cross sectional view of a representation of a
microelectronic die 1n the region of a land pad;

FIGS. 2A and 2B are flow charts of methods of micro-

electronic die to carrier substrate attachment, 1n accordance
with the present mvention;

FIG. 3A and FIG. 3B are cross-sectional views of a
microelectronic die with interconnect material before and
after a reflow process, in accordance with an embodiment of
the 1nvention;

FIG. 4 1s a cross-sectional view of a microelectronic die
to carrier substrate 1interconnect prior to a reflow process, in
accordance with an embodiment of the invention;
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FIG. 5 1s a cross-sectional view of a microelectronic die
to carrier substrate interconnect subsequent to reflowing one
of the interconnect materials, 1n accordance with an embodi-
ment of the invention; and

FIG. 6 1s a 1s a cross-sectional view of a microelectronic
die to carrier substrate interconnect subsequent to reflowing
both of the interconnect materials, in accordance with an
embodiment of the 1invention.

DESCRIPTION

In the following detailed description, reference 1s made to
the accompanying drawings which form a part hereof
wherein like numerals designate like parts throughout, and
in which 1s shown by way of illustration specific embodi-
ments 1 which the invention may be practiced. Embodi-
ments mvolving the interconnection between specific elec-
trical components, such as microelectronic die and carrier
substrate, are set forth mm order to provide a thorough
understanding of the present invention. It 1s to be understood
that other electrical components may be utilized and struc-
tural or logical changes may be made without departing
from the scope of the present invention. Examples of other
clectrical components suitable for the interconnect methods
of the present inventions include, but are not limited to,
microelectronic packages, system substrates, and mother
boards.

It 1s also understood that similar interconnections, not
necessarily electrical interconnections, to those presented 1n
the detailed description can benefit from the methods of the
present mvention. An example of an interconnection not
necessarily electrical, 1s a thermally conductive interconnec-
tion. It 1s known 1n the art that electrical as well as thermal
conductive paths can be found in the components of micro-
clectronic packaging. The interconnect methods of the
present nvention provide similar benefits for thermal inter-
connects as well as electrical interconnects, and are not
limited thereto.

Embodiments of the methods 1n accordance with the
present 1nvention provide an interconnection Pprocess
wherein 1n one stage of a method a first interconnect material
having a high retflow temperature and a second 1nterconnect
material having a lower reflow temperature are intercon-
nected by reflowing only the second interconnect material.
Diffusion takes place at the interface between the first and
second 1interconnect materials depending on subsequent
thermal cycling processes. In another stage of a method, a
process at the reflow temperature of the first interconnect
material provides for an intermixing of the first and second
interconnect material to effect a homogenous alloy having a
higher melting temperature than the second interconnect
material. The interconnections take place at various stages of
microelectronic device fabrication and at various tempera-
tures to minimize the detrimental effects of thermal and
structural loading 1n the land pad regions.

FIG. 2A 15 a flow diagram of a method for providing an
electrical interconnection between a land pad of a micro-
electronic die and a bond pad of a carrier substrate, in
accordance with an embodiment of the invention. A micro-
clectronic die comprising electrical interconnects in the form
of land pad 1s provided 202. A reflowable electrically
conductive first interconnect material 1s deposited onto the
land pads 204. A first reflow process 1s used to interconnect
the first interconnect material with the land pads 206, the
first interconnect material taking a smooth rounded form due
to surface tension when molten.

A carrier substrate comprising electrical interconnects 1n
the form of bond pads 1n corresponding relationship with the
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land pads 1s provided 212. A reflowable electrically conduc-
five second interconnect material having a reflow tempera-
ture below that of the melt temperature of the first intercon-
nect material 1s deposited on the bond pads 214. The
microelectronic die 1s positioned such that the first intercon-
nect material on each land pad 1s 1n contact with the second
interconnect material of corresponding bond pads 216. A
second reflow process 1s used to interconnect the second
interconnect material with both the bond pad and the first
interconnect material at a reflow temperature below the melt
temperature of the {first interconnect material 218. The
second 1nterconnect material reflows to conform to the first
interconnect material and the bond pad, the first interconnect
material remaining 1n a solid state. Upon cooling, an inter-
connection between the land pads and the bond pads is
formed completing the assembly of a microelectronic
device.

The microelectronic device, at this point of manufacture,
can be used 1n microelectronic packaging wherein further
thermal cycling 1s conducted at temperatures below the melt
temperature of the first interconnect material. The benedits of
the high temperature, low stress interconnection between the
first 1interconnect material and the land pad of the micro-
electronic die will be realized. One such benefit includes, but
1s not limited to, that additional stress at the land pad region
comprising ILD layers 1s reduced as there will be no further
reflow of the first interconnect material.

In a more likely situation, the microelectronic device will
encounter a reflow process or other thermal cycling above
the melt temperature of the first interconnect material. FIG.
2B 1s a flow diagram of a method for providing an electrical
interconnection between a land pad of a microelectronic die
and a bond pad of a carrier substrate, wherein the micro-
clectronic device 1s processed further into a microelectronic
package, 1n accordance with another embodiment of the
invention. A microelectronic device 1s provided in accor-
dance with the embodiment of FIG. 2A 118. Underfill
material 1s provided within the gap formed between the
microelectronic die and the carrier substrate, surrounding
the first and second mterconnect materials 222. The underfill
material 1s cured at elevated temperature causing a prede-
termined amount of diffusion between the first and second
interconnect materials raising the melt temperature of a
predetermined portion of the second interconnect material
above the original melt temperature 224. Package compo-
nents are interconnected with the microelectronic device in
a reflow process at a temperature below that of the second
interconnect material 226 and/or additional package com-
ponents are 1nterconnected to the microelectronic device at
a reflow temperature above the reflow temperature of the
first interconnect material, intermixing the first and second
interconnect materials into an alloy having a melt tempera-
ture between the original first and second interconnect
materials 228.

FIG. 3A 15 a cross-sectional view of the microelectronic
die 8 after the application of the first interconnect material
30. FIG. 3B 15 a cross-sectional view of the microelectronic
die 8 1llustrating the first interconnect material 30 after the
first retlow process. The first reflow process comprises
heating the assembly to a temperature wherein the first
interconnect material 30 melts and, due to surface tension,
flows to conform to the die land pad 24 and mto a generally
rounded shape due to surface tension, and forming an
integral electrical interconnection therewith upon cooling.

The first reflow process establishes the interconnection
between the first mterconnect material 30 and the land pad
24. During thermal cycling to the first interconnect material
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30 reflow temperature, the laminate structure at the land pad
region 9, including the ILD layers (shown in FIG. 1), is
placed under stress due to the mismatch of the CTE of the
various materials. Since the first reflow process 1s performed
separate from the second process to 1nterconnect the bond
pads of the carrier substrate with the land pads 24, the land
pad region 9 1s not presented with the additional stresses
caused by the carrier substrate. The potential for delamina-
tion at the land pad region 9 1s reduced.

FIG. 4 1s a cross-sectional view of a microelectronic die
8 to carrier substrate 6 interconnect prior to a reflow process,
in accordance with an embodiment of the invention. Fol-
lowing the first reflow process, each land pad 24 1s aligned
with a corresponding bond pad 26 such that the first inter-
connect material 1s positioned and in contact with the second

interconnect material 32 on the carrier substrate bond pad
26.

FIG. 5 1s a cross-sectional view of a microelectronic die
8 to carrier substrate 6 interconnect subsequent to the second
reflow process, 1n accordance with an embodiment of the
invention. The assembly 1s reflow processed such that the
second interconnect material 32 undergoes retlow while the
first 1nterconnect material 30 remains solid. The second
interconnect material 32 forms an electrical interconnection
with the carrier substrate bond pad 26 and the first inter-
connect material 30 upon cooling.

The second reflow process establishes the interconnection
between the first interconnect material 30 and the bond pad
26 with the second interconnect material 32. Since the
second reflow process 1s performed at a lower temperature,
the stress caused by CTE mismatch at the land pad region 9,
including the ILD layers (shown in FIG. 1), is reduced.
Further, the solid first interconnect material 30 supports and
reinforces the land pad region 9, reducing the stress. The
potential for delamination at the land pad region 9 is thus
reduced.

In accordance with the embodiments of the present
invention, a first electrically conductive interconnect mate-
rial 30 having a higher melt temperature than the retlow
temperature of the second electrically conductive intercon-
nect material 32 1s required. An mterconnect material com-
monly used 1n reflow processes, and which 1s suitable for use
in accordance with the embodiments of the invention, 1s a
tin-based solder comprising 37% lead (Sn/37Pb solder)
having a melt temperature of 183 C A typical reflow tem-
perature for Sn/37Pb solder 1s 205 C.

Other 1nterconnect materials suitable for the particular
purpose 1nclude, but are not limited to, lead-free, tin-based
solder of 3.5% silver (Sn/3.5Ag solder) with a melt tem-
perature of 221 C and a reflow temperature of 240 C, and
lead-free, tin-based solder having 5% antimony (Sn/5Sb
solder) with a melt temperature of 234 C and a reflow
temperature of 255 C.

The first reflowable electrically conductive interconnect
material 30 must remain 1 solid form during the reflow
process used to interconnect the carrier substrate 6 to the
microelectronic die 8. One can appreciate that since the first
interconnect material 30 remains solid, the first interconnect
material 30 provides a spacing structure to ensure a consis-
tent predetermined standoff distance between the carrier
substrate 6 and the microelectronic die 8. This consistent
standofl distance provides for consistent underfill operations
utilizing the capillary action of two closely spaced objects to
draw 1 the fluid underfill material 28. This consistent
standofl distance, or gap, provides for the possibility of
having a smaller gap than would be possible with variable
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and unpredictable gaps encountered using standard unsup-
ported 1nterconnecting techniques. In addition, stresses
caused by possible interconnect material collapse during
reflow 1s minimized.

During the second reflow process, depending on the
temperature, time at temperature, and pressure, diffusion
will take place 1n the contact region between the first and
second 1nterconnect materials 30, 32. Diffusion 1s the
exchange of atoms between two metallic materials 1in
contact, the exchange providing a hybrid alloy material at
the contact region. For two interconnect materials having
different melt temperatures, the area of diffusion will, for
many materials, have a melt temperature that 1s between the
melt temperature of the two materials. Diffusion 1s well
known 1n the metallurgical arts and therefore i1s not
explained 1n detail here. The benefits of diffusion will be
further discussed below by way of examples.

During the packaging of the microelectronic device 40
into a microelectronic package, underfill material 28 1is
provided and cured within the gap 7 between the microelec-
tronic die 8 and the carrier substrate 6, surrounding the first
and second interconnect materials 30, 32. The process of
applying underfill material 28 to the gap 7 1s well known.
The underfill material 28, after cure, helps to prevent loading
on the first and second imnterconnect materials 30, 32 during
thermal cycling by supporting the microelectronic die 8 and
the carrier substrate 6. Further, the detrimental effects of the
collapse of the first and second 1nterconnect materials 30, 32
and non-uniform standoifl between the microelectronic die 8
and the carrier substrate 6 1s prevented. The underfill mate-
rial 28 also prevents the migration of the first and second
interconnect materials 30, 32 away from the land pads 24
and the bond pads 26, respectively, during subsequent reflow
processing.

In one embodiment 1n accordance with the methods of the
present invention, the underfill process involves thermal
processing to cure the underfill material 28. The thermal
cycling mnduces a predetermined amount of additional dif-
fusion between the first and second interconnect materials

30, 32.

Diffusion occurs during the various thermal processes
following the interconnection of the second interconnect
material 32 with the first interconnect material 30, as well as,
in other embodiments of the methods, a dedicated thermal
process to tailor the diffusion characteristics to suit a par-
ticular purpose. The study of diffusion involves the analysis
of the phase diagrams of each element; the characteristics of
two metallic compounds at various temperatures, quantities
(ratios), and thermal rates. Careful consideration of tem-
perature rise time, time at temperature, and temperature
cooling rate all control the resulting metallurgical compo-
sition. The intermixing of incompatible materials or 1nap-
propriate processing parameters can result in the formation
of mntermetallics; crystal structures that are brittle and would
be compromising to the interconnection. One 1n the metal-
lurgical arts would recognize the proper conditions required
for intermixing the first and second interconnect materials

30, 32.

The hybrid material formed by the first and second
interconnect materials 30, 32, in accordance with the
invention, will have the characteristic of a higher melting
temperature than that of the second interconnect material 32.
This provides that subsequent reflow processes using the
second interconnect material 32 will not reflow the hybrid
material. This will improve the reliability of the intercon-
nection.
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Microelectronic packaging components, such as a die lid,
heat spreader and ball or pin grid arrays are assembled onto
the microelectronic device 40 to produce the complete
microelectronic package. The production of the microelec-
tronic packaging components involves additional reflow
processes to interconnect the various components. At least
one of the reflow processes 1s at a reflow temperature at or

above the reflow temperature of the first interconnect mate-
rial 30.

In another embodiment, the microelectronic device with
underfill material undergoes a dedicated reflow process at
the reflow temperature of at or above the reflow temperature
of the first interconnect material 30.

During the reflow process at or above the reflow tem-
perature of the first interconnect material 30, both the first
and second 1nterconnect materials 30, 32 become molten
and mtermix. The microelectronic die and the carrier sub-
strate are supported by the underfill such that no additional
stress above that caused by the mismatch of CTE 1is 1ntro-
duced at the land pad region 9, including the ILD layers
(shown in FIG. 1). The first and second interconnect mate-
rials 30, 32 intermix and homogenize to form a hybrid
interconnect material having a melt temperature between the
first and second 1nterconnect materials 30, 32. A number of
methods can be used to deposit the first interconnect mate-
rial on the die land pads 24 and the second interconnect
material 32 onto the carrier substrate bond pads 26. The
methods include, but are not limited to, printing, plating,
ion/chemical/vapor deposition, dispensing, and placement.
For example, interconnect material 30, 32 m the form of
paste can be silk-screened or dispensed through a needle-
type applicator. A pat of solid mterconnect material 30, 32
can be placed with a pick and place machine. The method of
depositing the first and second interconnect materials 30, 32
will depend on the specific configuration of the system.

A number of candidate first and second interconnect
materials were studied to determine the effectiveness of the
methods as practiced in accordance with embodiments of the
present invention. Tin (Sn) has a relatively high melt and
reflow temperature, 232 C and 240 C, respectively. Tin 1s
relatively more compliant than copper (Cu) and eutectic
Sn—Ag, a common solder. Increased compliance reduces
the potential for stress concentrations and buildup, which
helps to prevent structural failure 1n the land pad region 9,
including the ILD layers (shown in FIG. 1). Other high
temperature materials suitable for the first interconnect
material includes Sn—Cu, Sn—Ag, and Sn—Ag—Cu.

Eutectic Sn—1In has a relatively low reflow temperature of
180 C The use of eutectic Sn—In 1n place of Sn—Ag, which
requires a reflow temperature of 230-235 C, 1s calculated to
reduce the stresses due to CTE mismatch by up to 50%.

In an embodiment 1n accordance with the invention, Sn 1s
deposited on the land pad 24 to have a reflow height of 55
um. Eutectic Sn—In 1s deposited on the bond pad 26 to have
a reflow height of 20 um. The Sn has a melting temperature
of 232 C and eutectic Sn—In has a melting temperature of
118 C Areflow temperature of 180 C 1s used to interconnect
the solid Sn on the land pad 24 with the molten Sn—In on
the bond pad. The gap between the microelectronic die 8 and
the carrier substrate 1s filled with underfill material 28. The
microelectronic device 40 1s subjected to a reflow process to
attach the integrated heat sink, at a temperature of 170 C.
During the reflow process, diffusion of Indium (In) into the
Sn will take place, raising the melting temperature of the
Sn—In alloy. Ball grid array attachment at a temperature of
240 C will retlow the Sn and Sn—In to 1ntermix and solidify

10

15

20

25

30

35

40

45

50

55

60

65

3

as an alloy having a higher melting temperature than the
original Sn-35In. The resulting alloy has a melting tempera-
ture above 200 C, which will not reflow 1n subsequent
package reflow processes at temperatures below 200 C.

In another embodiment 1n accordance with the invention,
Sn 1s deposited on the land pad 24 to have a reflow height
of 55 um. Sn-40B1 1s deposited on the bond pad 26 to have
a retflow height of 20 um. The Sn-40B1 1s reflowed at 180 C

to interconnect the Sn on the land pad 24 with the molten
Sn-40B1 on the bond pad. The gap between the microelec-
tronic die 8 and the carrier substrate 1s filled with underfill
material 28. The microelectronic device 40 1s subjected to a
reflow process to attach the integrated heat sink, at a
temperature of 170 C. During the reflow process, diffusion
of Indium 1nto the Sn will take place, raising the melting
temperature of the Sn—Bi1 alloy. Ball grid array attachment
at a temperature of 240 C will reflow the Sn and Sn—Bi1 to
intermix and solidily as an alloy having a higher melting
temperature than the original Sn-40Bi1. The resulting alloy
has a melting temperature above 200 C, which will not

reflow 1n subsequent package reflow processes at tempera-
tures below 200 C.

The methods of providing electrical interconnections
using two different reflow temperature interconnect
materials, in accordance with the embodiments of the
invention, can be utilized 1n many applications which
require the interconnection of surface mount technology
(SMT) clectrical components with another. Examples of
SMT electrical components that would benefit from the
methods include, but are not limited to, microprocessors or
microcontrollers, memory devices, application specific inte-
grated circuits (ASIC), digital signal processors (DSP), radio
frequency circuits, amplifiers, power converters, filters,
clocking circuits, passive elements such as inductors,
capacitors, and resistors, and the like. Examples of electrical
assemblies that can take advantage of the benefits of an
interconnection comprising two ditferent reflow temperature
interconnect materials made 1n accordance with the present
invention, nclude, but are not limited to, integrated circuit
packages and semiconductor device packages.

In other embodiments 1n accordance with the present
invention, the microelectronic device 40 comprising a
microelectronic die 8 and a carrier substrate 6 incorporating
interconnections comprising two different reflow tempera-
ture 1nterconnect materials, in accordance with the present
invention, 1s a component of an electrical system. An
electrical system 1s broadly defined herein as any product
comprising an electrical assembly. Examples of electrical
systems include, but are not limited to, computers (e.g.,
desktop, laptop, hand-held, server, etc.), wireless commu-
nications devices (e.g., cellular phones, cordless phones,
pagers, etc.), computer-related peripherals (e.g., printers,
scanners, monitors, etc.), entertainment devices (e.g.,
televisions, radios, stereos, tape and compact disc players,
video cassette recorders, etc.), and the like.

It 1s understood and appreciated that a microelectronic
device 40 comprising a SMT electrical component 8 and a
carrier substrate 6 incorporating interconnections compris-
ing two 1nterconnect materials having two different reflow
temperatures may not necessarily be used exclusively for
clectrical communication between SMT electrical compo-
nents. Interconnections comprising two different reflow tem-
perature 1nterconnect materials can also be utilized, for
example, but not limited to, as an interconnect between a
substrate and a heatsink for thermal dissipation. Therefore,
the apparatus and methods for interconnections comprising
two 1nterconnect materials having two different retlow tem-
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peratures mnvolving other than electrical interconnections, 1s
also within the scope of the present invention.

Although specific embodiments have been illustrated and
described herein for purposes of description of the preferred
embodiment, 1t will be appreciated by those of ordinary skill
in the art that a wide variety of alternate and/or equivalent
implementations calculated to achieve the same purposes
may be substituted for the specific embodiments shown and
described without departing from the scope of the present
invention. Those with skill in the art will readily appreciate
that the present invention may be implemented 1n a very
wide variety of embodiments. This application 1s intended to
cover any adaptations or variations of the embodiments
discussed herein. Therefore, 1t 1s manifestly mntended that
this 1nvention be limited only by the claims and the equiva-
lents thereof.

What 1s claimed 1s:

1. A method for interconnecting electronic components,
comprising;

providing a first component having a plurality of first

bond pad;

providing a second component having a plurality of
second bond pad 1n complimentary relationship to the
first bond pads;

depositing a reflowable electrically conductive first inter-
connect material onto each first bond pad;

reflowing the first interconnect material onto the first bond
pad;

depositing a reflowable electrically conductive second
interconnect material onto each second bond pad, the
second interconnect material having a reflow tempera-

ture below the melting temperature of the first inter-
connect material;

positioning the first interconnect material of each first
bond pad onto the second interconnect material of
corresponding second bond pads; and

reflowing the second interconnect material at a tempera-
ture below the melt temperature of the first interconnect
material.
2. The method for mterconnecting electronic components
of claim 1, further comprising:

applying underfill material into the gap between the first
and second component surrounding the first and second
mterconnect materials with the underfill material; and

reflowing the first and second interconnect materials to

ciiect intermixing to form a hybrid material having a
higher melting temperature than that of the second
interconnect material, the hybrid material interconnect-
ing the first and second components.

3. The method for interconnecting electronic components
of claim 2, wherein applying underfill material into the gap
between the first and second component surrounding the first
and second 1nterconnect materials with the underfill material
comprises applying underfill material into the gap between
the first and second component surrounding the first and
second 1nterconnect materials with the underfill material and
curing the underfill material at a temperature to effect a
predetermined amount of diffusion between the first and
second 1nterconnect materials to effect a change in the
melting temperature of a predetermined portion of the
second 1nterconnect material.

4. The method for mterconnecting electronic components
of claim 2, further comprising:

processing the first and second interconnect materials 1n a
thermal environment to effect a predetermined amount
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of diffusion between the first and second 1nterconnect
materials to effect a change 1n the melting temperature
of a predetermined portion of the second interconnect
material.
5. The method for interconnecting electronic components
of claam 2, further comprising:

reflowing the first and second interconnect materials to
cifect intermixing to form a hybrid material having a
higher melting temperature than that of the second
interconnect material, the hybrid material interconnect-
ing the first and second components.

6. The method for mterconnecting electronic components
of claim 1, further comprising:

processing the first and second mterconnect materials 1n a
thermal environment to effect a predetermined amount
of diffusion between the first and second 1nterconnect
materials to effect a change 1n the melting temperature
of a predetermined portion of the second interconnect
material.

7. The method for interconnecting electronic components
of claim 1, wherein providing a first component having a
plurality of first bond pad comprises providing a microelec-
tronic die having a plurality of land pad; and wherein
providing a second component having a plurality of second
bond pad comprises providing a carrier substrate having a
plurality of corresponding bond pads.

8. The method for interconnecting electronic components
of claim 7, wherein depositing a reflowable electrically
conductive first interconnect material comprises depositing
Sn on the land pads having a reflow height of 55 um, and
wherein depositing a reflowable electrically conductive sec-
ond interconnect material comprises depositing Sn-35In on
the bond pads having a reflow height of 20 um; and wherein
reflowing the second interconnect material at a temperature
below the melt temperature of the first interconnect material
comprises reflowing the second mterconnect material at 180
C.

9. The method for mnterconnecting electronic components
of claim 7, wherein depositing a reflowable electrically
conductive first interconnect material comprises depositing
Sn on the land pads having a reflow height of 55 um, and
wherein depositing a reflowable electrically conductive sec-
ond 1nterconnect material comprises depositing Sn-40B1 on
the bond pads having a reflow height of 20 um; and wherein
reflowing the second interconnect material at a temperature
below the melt temperature of the first interconnect material
comprises reflowing the second mterconnect material at 180
C.

10. The method for interconnecting electronic compo-
nents of claim 1, wherein depositing a reflowable electri-
cally conductive first interconnect material comprises
depositing a material selected from the group consisting of:
Sn-3.5Ag, Sn-5Sb, Sn—Cu, and Sn—Ag—Cu.

11. The method for interconnecting electronic compo-
nents of claim 1, wherein depositing a reflowable electri-
cally conductive second interconnect material comprises
depositing a material selected from the group consisting of:
Sn-35In and Sn-40B1.

12. A method for interconnecting a microelectronic die
and carrier substrate, comprising:

depositing a reflowable electrically conductive first inter-
connect material onto each land pad of the microelec-
tronic die;

reflowing the first interconnect material onto the first land
pads;

depositing a reflowable electrically conductive second

interconnect material onto each bond pad of the carrier
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substrate, the second interconnect material having a
reflow temperature below the melting temperature of
the first interconnect material;

positioning the first interconnect material of each land pad
onto the second 1nterconnect material of corresponding
bond pads; and

reflowing the second interconnect material at a tempera-

ture below the melt temperature of the first interconnect
material.

13. The method for interconnecting a microelectronic die
and carrier substrate of claim 12, further comprising:

applying underfill material into the gap between the
microelectronic die and the carrier substrate surround-

ing the first and second 1nterconnect materials with the
underfill material; and
reflowing the first and second interconnect materials to
ciiect intermixing to form a hybrid material having a
igher melting temperature than that of the second
interconnect material, the hybrid material interconnect-
ing the microelectronic die and the carrier substrate.
14. The method for interconnecting a microelectronic die
and carrier substrate of claim 13, further comprising:

processing the first and second interconnect materials 1n a
thermal environment to effect a predetermined amount
of diffusion between the first and second interconnect
materials to effect a change 1n the melting temperature
of a predetermined portion of the second interconnect
material.

15. The method for interconnecting a microelectronic die

and carrier substrate of claim 13, further comprising:

reflowing the first and second interconnect materials to
cifect intermixing to form a hybrid material having a
higher melting temperature than that of the second
interconnect material, the hybrid material interconnect-
ing the first and second components.
16. The method for interconnecting a microelectronic die
and carrier substrate of claim 12, further comprising:

processing the first and second interconnect materials 1n a
thermal environment to effect a predetermined amount
of diffusion between the first and second 1nterconnect
materials to effect a change 1n the melting temperature
of a predetermined portion of the second interconnect
material.

17. The method for mnterconnecting a microelectronic die
and carrier substrate of claim 12, wherein applying underfill
material into the gap between the microelectronic die and
the carrier substrate surrounding the first and second inter-
connect materials with the underfill material comprises
applying underfill material into the gap between the micro-
electronic die and the carrier substrate surrounding the first
and second 1nterconnect materials with the underfill material
and curing the underfill material at a temperature to effect a
predetermined amount of diffusion between the first and
second 1nterconnect materials to effect a change 1n the
melting temperature of a predetermined portion of the
second 1nterconnect material.

18. The method for mnterconnecting a microelectronic die
and carrier substrate of claim 12, wheremn depositing a
reflowable electrically conductive first interconnect material
comprises depositing a material selected from the group
consisting of: Sn-3.5A¢g, Sn-5Sb, Sn—Cu, and Sn—Ag—
Cu.

19. The method for interconnecting a microelectronic die
and carrier substrate of claim 12, wherein depositing a
reflowable electrically conductive second interconnect
material comprises depositing a material selected from the
group consisting of: Sn-35In and Sn-40Bi.
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20. The method for interconnecting a microelectronic die
and carrier substrate of claim 12, wherein depositing a
reflowable electrically conductive first interconnect material
comprises depositing Sn on the land pads having a reflow
height of 55 um, and wherein depositing a retflowable
electrically conductive second interconnect material com-
prises depositing Sn-35In on the bond pads having a reflow
height of 20 #m; and wherein reflowing the second inter-
connect material at a temperature below the melt tempera-
ture of the first interconnect material comprises reflowing
the second interconnect material at 180 C.

21. The method for interconnecting a microelectronic die
and carrier substrate of claim 12, wherem depositing a
reflowable electrically conductive first interconnect material
comprises depositing Sn on the land pads having a reflow
height of 55 um, and wherein depositing a reflowable
electrically conductive second interconnect material com-
prises depositing Sn—40B1 on the bond pads having a
reflow height of 20 um; and wherein reflowing the second
interconnect material at a temperature below the melt tem-
perature of the first interconnect material comprises retlow-
ing the second interconnect material at 180 C.

22. A method for making a microelectronic package,
comprising:

depositing a reflowable electrically conductive first inter-

connect material onto each land pad of the microelec-
tronic die;

reflowing the first interconnect material onto the first land

pads;

depositing a reflowable electrically conductive second

interconnect material onto each bond pad of the carrier
substrate, the second interconnect material having a
reflow temperature below the melting temperature of
the first interconnect material;

positioning the first interconnect material of each land pad
onto the second interconnect material of corresponding
bond pads;

reflowing the second interconnect material at a tempera-
ture below the melt temperature of the first interconnect
material,;

applying underfill material mnto the gap between the
microelectronic die and the carrier substrate surround-

ing the first and second interconnect materials with the
underfill material; and

processing the first and second mterconnect materials 1n a
thermal environment to effect a predetermined amount
of diffusion between the first and second 1nterconnect
materials to effect a change 1n the melting temperature
of a predetermined portion of the second interconnect
material.

23. The method for making a microelectronic package of

claim 22, further comprising:

interconnecting additional microelectronic packaging,
components 1n a reflow process wherein the first and
second 1nterconnect materials intermix to form a hybrnd
material having a higher melting temperature than that
of the second interconnect material, the hybrid material
interconnecting the microelectronic die and the carrier
substrate.

24. The method for making a microelectronic package of
claim 22, wherein depositing a reflowable electrically con-
ductive first interconnect material comprises depositing a
material selected from the group consisting of: Sn-3.5Ag,
Sn-5Sb, Sn—Cu, and Sn—Ag—Cu; and wherein depositing
a reflowable electrically conductive second interconnect
material comprises depositing a material selected from the
group consisting of: Sn-35In and Sn-40Bi.
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25. The method for making a microelectronic package of
claim 22, wherein depositing a reflowable electrically con-
ductive first interconnect material comprises depositing Sn
on the land pads having a reflow height of 55 um, and
wherein depositing a reflowable electrically conductive sec-

ond interconnect material comprises depositing Sn-35In on
the bond pads having a reflow height of 20 um;

and wherein reflowing the second interconnect material at
a temperature below the melt temperature of the first

interconnect material comprises reflowing the second 19

interconnect material at 180 C.

14

26. The method for making a microelectronic package of
claim 22, wherein depositing a reflowable electrically con-
ductive first interconnect material comprises depositing Sn
on the land pads having a reflow height of 55 um, and
wherein depositing a reflowable electrically conductive sec-
ond 1nterconnect material comprises depositing Sn-40B1 on
the bond pads having a retflow height of 20 um; and wherein
reflowing the second interconnect material at a temperature
below the melt temperature of the first interconnect material

comprises reflowing the second interconnect.
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